The cell surface marker profile and functional analysis of peripheral blood lymphocytes from 11 Japanese adult T cell leukemia patients were studied.
Introduction
Numerous studies have shown that T cell subsets are involved in a complex series of interactions that regulate the immune response (1, 2) . Multiple cell-cell interactions have been shown to be necessary to translate an antigenic signal into both an effective immune response and its homeostatic controls.
The use of specific anti-T cell monoclonal antibodies has facilitated the analysis of human T cells and their division into distinct subpopulations of cells based on the expression of cell surface antigens (3) (4) (5) (6) . Perhaps of greatest interest was the demonstration that communicative interactions occurred both between and within the major populations of cells in the generation of specific effector functions. For example, interactions between a subpopulation of T4 and T8 cells are required to induce suppression of Ig production in antigen specific, pokeweed mitogen (PWM)' driven and autologous mixed leukocyte reaction systems (7) (8) (9) (10) . The human immunoregulatory circuit is clearly composed of discrete subsets of still poorly defined cells that interact to maintain homeostasis (10, 11).
It has been long regarded that human leukemic T cells with mature T cell surface phenotypes may represent the clonal expansion of a subset(s) of cell with distinct immunoregulatory programs. Functional and phenotypic analysis of such cells can provide valuable insights into the function of normal T cells. Japanese adult T cell leukemia (ATL) is a unique T cell leukemia with clinical features including visceral and skin infiltrations by leukemic cells, a subacute or chronic clinical course, and the clustering of patients' birth places (12, 13) . Recently, a unique human type C retrovirus, human T cell leukemia/lymphoma virus (HTLV), has been isolated from the neoplastic T cells of patients with ATL in multiple areas of the world (14) (15) (16) , and data suggest that ATL is causally related to infection with ATLV/HTLV. Phenotypically, most ATL cells have been shown to possess the helper/inducer phenotype, i.e., T4 positive, despite the clear finding that cells from many of these patients suppress PWM-induced normal B cell differentiation (17) (18) (19) . In contrast, T4 positive leukemic cells from patients with Sezary syndrome often functioned as helper cells in the same PWM assay systems (20, 21) .
The precise cellular mechanism by which ATL cells suppress PWM induced normal B cell differentiation is still not clear. In (6, 31) . The 901 antigen is expressed on 7% peripheral blood mononuclear cells and morphologically seems to be large granular lymphocytes. >95% of natural killer (NK) activity in peripheral blood is found within the purified 901 + fraction (32) . Anti-901 antibody was found to be reactive with 1% of T3+ cells by fluorescence microscopy, but does not react with monocytes, granulocytes, B cells, erythrocytes, or platelets. Cytofluorographic analysis of cell populations was performed by indirect immunofluorescence with fluorescein-conjugated goat anti-mouse IgG on a fluorescence-activated cell sorter as previously described (33) . Background fluorescence reactivity was determined with a control ascites obtained from mice immunized with nonsecreting hybridoma clones.
Complement-dependent lysis oflymphocytes with monoclonal antibodies. E+ lymphocytes were treated with anti-T4 or anti-T8 monoclonal antibodies and rabbit C (Pel-Freeze Biologicals, Rogers, AR). These antibodies of the IgG2 subclass have been described elsewhere (27, 34) . Briefly, 2 X 107 cell aliquots were incubated with I ml of antibody at a 1:250 dilution for 1 h at room temperature and then 0.3 ml rabbit C was added to the mixture. The mixture was incubated for another hour in a 37°C shaking water bath, washed, and these procedures were repeated twice. After lysis of cells with anti-T4 and C, >90% of the residual cells were T8+ cells, whereas <5% were T4+ cells; after lysis with anti-T8 and C, >90% of the remaining cells were T4+ cells and <5% were T8+ cells. These two populations will be referred to as T8+ and T4+ subsets, respectively.
Help and suppression of in vitro IgG secretion. Helper, suppressor inducer activity, and suppressor effector activity of healthy donor T4+ and T8+ cells and patient cells were evaluated on PWM-driven IgG synthesis as described previously (8, 11) .
Unfractionated and separated populations of lymphocytes were cultured in round-bottomed microtiter culture plates (Falcon, Div. cells or normal T4 subsets were irradiated with 1,500 rad by using a gamma cell 40 (Atomic Energy of Canada Ltd., Ottawa, Ontario, Canada) irradiation source as described previously (9) . On day 7, cultures were terminated, supernatants were harvested, and IgG secretion into supernatant was determined by solid phase radioimmunoassay (RIA) using a monoclonal antibody directed at the Fc portion of the human gamma heavy chain (anti-y Fc) (gifted by Dr. Vic Raso, DanaFarber Cancer Institute) as previously described (8, 1 1).
Cytotoxicity assay. To assess NK activity of patients' cells, 2,500-5,000 5"Cr-labeled target cells (J. M. T cell lines) were incubated with various numbers of effector cells at 370C in V-bottom microtiter plates. Subsequently, plates were spun and cytotoxicity was measured by the release of 5"Cr into the supernatant after a 4-h incubation. The maximal release was determined by addition of 1% nonidet P140 detergent. Spontaneous release never exceeded 20%, and the specific cytotoxicity was calculated as described previously (35) . As a control, human NK clone (J-T9) was used and its characteristics were described elsewhere (36) . Medium for cytotoxic assays was RPMI 1640 plus 20% human AB pooled serum and 1% penicillin-streptomycin. Determination of anti-A TLV antibody. Anti-ATLV antibody titer was determined by an indirect-immunofluorescence test using MT-I cells as previously described (16) .
Results
Cell surface phenotype of peripheral blood lymphocyte (PBL) from patients with Japanese ATL. The clinical and laboratory features of the 11 patients with ATL are listed in Table I . There were seven male and four female patients with an age range of 34-81 yr. All the patients were born in southern parts of Kyushu in Japan. Eight patients showed skin eruptions (generalized erythroderma, disseminated milliary erythema, or cutaneous nodules). Nine patients had mild to moderate lymph node enlargement and hypercalcemia was observed in only two patients. Serum immunoglobulin levels were studied in 7 of the 11 patients with ATL, and these values were within normal limits. Anti-ATLV antibody titer of the serum was studied in seven of the patients by using an indirect immunofluorescence method, and all seven patients tested were positive.
The cell surface marker profiles of PBL from all patients tested showed that their ATL cells were T4+T6-T8-B 1-J5-. Other antigens such as T3, Tl 1, and T12, shown to be present on all normal mature T cells, were not invariably found on ATL cells but at times were anomalously expressed ( As shown in Fig. 1 , when varying numbers of normal T4 cells were mixed with allogeneic B cells with PWM, increasing amounts of IgG production were observed in a dose-dependent manner. In contrast, when varying numbers of ATL cells were mixed with allogeneic B cells and PWM, no enhanced immunoglobulin production was observed. Moreover, irradiation of the ATL cells with the view of diminishing suppressor activity failed to enhance immunoglobulin production. In this regard, a number of laboratories has shown that the suppressor activity of cells is relatively radiosensitive, whereas helper activity seems to be relatively radioresistant (7, 9) . While no effect was seen with ATL cells, when normal T4 cells were irradiated, the effect of suboptimal numbers of irradiated T4 cells in providing help was less than the effect of unirradiated T4 cells (Fig. 1) (13, 17, 37) . Since the Tac antigen is strongly expressed on activated T cells, it was important to exclude the possibility that suppression of IgG production was mediated by NK activity of ATL cells, since activated T cells can mediate NK activity (38). For this purpose, freshly thawed and 7<1 cultured ATL cells with PWM were assayed for their NK activity. (12, 17, 18) . In the present studies, we also found that ATL cells were suppressive when added to PWM driven system. The mechanism of suppression, however, seems to be more complex than originally thought. The (39, 42) . The discrepancy between those results and our own is not entirely clear. One possibility is that ATL cells express IL-2 receptors that can bind IL-2 present in the media, which can result in suppression of T cell dependent immunoglobulin synthesis. In other studies (39, 40, 42) , they needed higher proportions of leukemic cells and higher ratios of leukemic cells to B cells for suppression of PWM-induced Ig synthesis, which is in contrast to our assay system, in which we used a low number of leukemic cells and a low leukemic cell to B cell ratio. In this regard, it has been shown that antigen specific helper T cell clones provide optimal help at low numbers of T4+ cells, but at larger numbers of T4 clones they can inhibit specific antibody production (43) . Alternatively, it is well known that B cell preparations can vary in their purity and variable numbers of contaminating T cells (44) . Thus, the addition of ATL cells to a mixture of "pure-B" and T4 cells could lead to the suppression secondary to the small numbers of T8 cells contaminating the B cell preparation.
Recent studies from our laboratory have demonstrated Epstein-Barr virus transformed autologous B cell lines could induce three discrete regulatory T cell clones: T4+ helper, T4+ inducer of suppressor, and T8 suppressor effector (34). These observations supported earlier studies demonstrating that the T4+ subset could be divided into two functionally distinct subpopulations on the basis of their reactivity with JRA autoantibodies and radiosensitivity (8, 9, 11) . The T4+JRA+ population was shown to express suppressor inducer function analogous to some ATL cells described above. The T4+JRA-subset, in contrast, accounted for a fraction of the T4 population and provided help. Thus, the majority of ATL cells we have tested to date seem to be leukemic counterparts of the T4+ suppressor inducer subset. In contrast, most Sezary cells so far reported with helper functions (20, 45) seem to correspond to the T4+ helper-inducer subset. These distinct subsets of T4 cells have now been well defined in human systems with the Leu reagents (46, 47) as well as in murine systems with the Ly reagents (48, 49 (50, 5 1) . Further studies will be required to clarify whether the high incidence of ATL in patients born in the southern area of Kyushu in Japan or in the Caribbean have a more central defect in NK activity. Lastly, the present studies support the notion that a more complete understanding of normal human immunoregulatory T cell function will result from a careful investigation of T cell leukemias.
